Abstract Production of microbial oil has attracted a great attention
Introduction
Single cell oil (SCO) is a kind of lipid that produced oleaginous microorganisms as the supplementary source of conventional oil and fat. The economic values of these bioprocesses have become favorable when zero or negative value waste substrates are utilized as carbon or nitrogen sources (Kyle et al. 1992; Ratledge 1993; Boswell et al. 1996; Pan et al. 2009; Kraisintu et al. 2010) . Glucose is the most common substrate used in lipid production process, because most oleaginous microorganisms are capable of assimilating glucose for producing SCO. Also, it is the most suitable substrate for SCO production and the best choice for the evaluation of lipid production in oleaginous microorganisms (Fakas et al. 2008) .
The widespread use of fossil fuels such as petroleum, coal and natural gas, which is related to the high energy demand of today's industrialized world, raises the pollution problem; so it is necessary to develop renewable energy sources such as biodiesel (Dai et al. 2007; Karatay and Donmez 2010) . Biodiesels are fatty acid methyl and ethyl esters derived from renewable lipid sources, and these fuels are good alternatives for fossil fuel because of being renewable, biodegradable and nontoxic (Zlatanov et al. 2001; Meng et al. 2009; Karatay and Donmez 2010; Liu et al. 2010; Kosa and Ragauskas 2011; Chatzifragkou et al. 2011) . The high cost of biodiesel is the major obstacle for its commercialization. Use of waste oil and other cheap raw materials can reduce the cost of the process. Microbial oil has potential for application in biodiesel production, because it has great similarity in structure and fatty acid composition to the vegetable oil (Karatay and Donmez 2010; Fei et al. 2010) . The advantages of microbial lipid are short life cycle of microorganisms, less labor required, less affection by season and climate, and easier to scale-up (Li et al. 2008; Amaretti et al. 2010 ). If vegetable oil or animal fat is used for biodiesel production, the cost of the substrate will be 70-85 % of the total cost.
Lipid accumulation in oleaginous microorganisms occurs with starvation of their cells from nitrogen or other nutrients such as zinc, iron, phosphorus and magnesium (Meester et al. 1996; Fakas et al. 2008) . Cell response to the exhaustion of a key nutrient such as nitrogen, is entering into a lipid storage phase in which excess carbon is converted into storage lipid. If the cells return to a situation where nitrogen is available, the oil reserves could be mobilized and changed to cellular materials (Ratledge and Wynn 2002; Ratledge 2005; Daum et al. 2009 ). Formation of lipid particles starts during the late exponential phase and continues during the stationary phase, and this process continues until carbon source in the medium starts to diminish (Mullner and Daum 2004; Raschke and Knorr 2009) . Lipid production in a medium with excess amount of carbon occurs in two stages. In the first stage, cell growth occurs and this stage finishes by exhausting the nutrient except carbon. During the second phase, the excess amount of carbon transforms into lipid reserves. Because of nitrogen limitation, cells can no longer grow and multiply. A key enzyme in citric acid cycle is isocitrate dehydrogenase that becomes inactive in the absence of nitrogen. This leads to isocitrate not being metabolized, and consequently, isocitrate and citric acid accumulate in mitochondria and immediately transport to the cytoplasm of the oleaginous yeasts (Melickova et al. 2004; Wynn and Ratledge 2005) .
The major component of oleaginous yeast and fungi is triacylglycerol (TAG) composed of C 16 and C 18 , which is similar to rapeseed and soybean oil (Vijayakumar et al. 2010) . The effective parameters that affect lipid accumulation in microorganism are carbon, nitrogen, C/N ratio, agitation rate, pH, temperature and time of incubation. In this study, Taguchi design was used to achieve the highest lipid production by optimizing the medium condition. Fourier transform infrared (FTIR) spectroscopy was used to confirm the composition of lipid production in this study. The base of this method is creating peaks in a special spectrum based on cm -1 unit, so each chemical group has a specific peak at a certain point in a determined spectrum.
The purpose of this study was to evaluate the lipid production in native and standard oleaginous yeasts. Also, optimization of cultivation condition was done by Taguchi design and the effect of this method on optimization process was evaluated. The extracted lipid was analyzed by FTIR spectroscopy to show its potential for application in biodiesel production. This study was done in 2012 at Flavarjan University.
Materials and methods

Yeast strains
The yeast strains that were used in this study were Yarrowia lipolytica DSM 8218 as a standard strain and the C. albidus as an isolated strain.
Preparation of inoculum
The oleaginous yeast colonies were first streaked on the YPD plates and then grown for 2 days. After that they were transferred to 250-ml erlenmeyer flask that contains 50 ml of inoculation medium containing (g per liter): glucose 15, (NH 4 ) 2 SO 4 5, KH 2 PO 4 1, MgSO 4 .7H 2 O 0.5 and yeast extract 0.5 that grown at 28°C in a shaker incubator at 180 rpm for 2 days (Pan et al. 2009 (Papanikolaou et al. 2001; Pan et al. 2009; Kraisintu et al. 2010 ).
Analysis of yeasts by Nile red staining
Fermented nitrogen-limited medium of 40 ll was mixed with 10 ll of Nile red solution (10 lg of Nile red in 1L of ethanol). After 5 min, yeast cells were observed under fluorescence microscope, which has gold emission caused by Nile red-stained lipid bodies (Kraisintu et al. 2010 ).
Determination of yeast dry mass
Portions of 5 ml of cultures were harvested by centrifugation at 6,000 rpm for 20 min. Harvested biomass was washed twice with 5 ml of distilled water and then dried at 80°C to constant mass. The biomass was determined gravimetrically (Vijayakumar et al. 2010 ).
Analysis of supernatant for glucose and nitrogen concentration
The supernatant was analyzed for glucose consumption by dinitrosalicylic acid (DNS) solution. Nitrogen concentration was also analyzed by Kjeldahl method. The growth yield efficiency, SCO yield efficiency and SCO productivity were calculated according to the following equations:
Single cell oil extraction Extraction of lipid was carried out according to Bligh and Dyer method with some modification (Pan et al. 2009 ); 40 ml of sample was centrifuged at 6,000 rpm for 10 min. After that the yeasts were washed with 40 ml of distilled water. The latter process was repeated and then 8 ml of 4 M HCl was added and incubated at 60°C for 2 h. Then, acid-hydrolyzed mass was stirred with 16 ml chloroform/methanol mixture (1:1) at room temperature for 2-3 h. At the end, centrifugation was done at 5,000 rpm for 5 min at room temperature to separate the aqueous upper phase and organic lower phases. Then, the lower phase containing lipid was recovered with Pasteur pipette and evaporated in the vacuum. After that the dry lipid was weighed.
Qualification analysis of microbial lipid by thin-layer chromatography
Silica gel plates and lipid standards (triolein as reference substance for triacylglycerol) were used. The solvent was n-hexane-diethyl ether-acetic acid (90:10:2). The bands were observed after staining the TLC plate by iodine vapor. So, the qualitative and semiquantitative analyses of intracellular lipid were carried out by thin-layer chromatography (Alvarez et al. 2008 ).
Single cell oil production by FTIR spectroscopy Lipid production in oleaginous yeast was confirmed by Sudan black staining at first, and then further confirmation of certain oil compounds was determined by FTIR spectroscopy using JASCO FT/IR-6300, Japan device. The range of spectrum analyzed by the device was set from 400 to 4,000 cm -1 . Triolein (bought from Sigma-Aldrich) was used as control sample for comparison with produced SCO.
Medium optimization by Taguchi design
Design of experiment (DOE) was done by Taguchi method for evaluating the effects of different physical and chemical parameters on lipid production. These parameters were glucose and nitrogen concentrations, pH, agitation rate, time and temperature of incubation.
Glucose, time and pH had 4 levels, nitrogen had 3 levels, and time and temperature had two levels (Table 1) . Qualitek-4 software designed an experimental plan (L16) that contains 16 experiments for each strain (Table 2) . Statistical analysis was done by ANOVA (one-way analysis of variance) and Taguchi design. The best optimum condition for the highest lipid production for each strain was achieved by Taguchi method.
Results and discussion
Lipid determination in nitrogen-limited medium
Between the amounts of lipid that were obtained from these strains, the extracted lipid from C. albidus was higher. Table 3 shows the lipid production, dry biomass and lipid productivity for these strains. The best experiment for Y. lipolytica DSM 8218 and C. albidus was arrays 3 and 6, respectively. Table 6 shows the ANOVA results for the better lipid-producing strain. The last column of the table shows the influence percentage for each factor. The analysis shows that temperature, glucose concentration, time of incubation and nitrogen concentration had significant effect on lipid production, respectively. pH and rpm had the less effect on lipid production for this strain. Other error is the error of the experiment which was the least one, about zero (Figs. 1, 2 ).
FTIR spectroscopy results
Microbial lipid graphs are shown in Fig. 3 . Comparison of two graphs shows significant similarity between extracted oil from oleaginous yeast and the standard (Triolein). Significant peaks were created between 1,670 and 1,820 cm -1 , confirmed presentation of carbonyl groups. Peaks between 2,850 and 2,929 cm -1 show methyl group presentation. All of the peaks in mentioned points confirmed that produced oil can be converted into biodiesel Fig. 1 Percentage contribution for each factor in lipid production by Cryptococcus albidus that was obtained from Qualitek-4 software. The last column shows error of the experiment which was the least. Temperature has the most effect on lipid production in this strain (27.8 %) Fig. 2 Plot obtained from Qualitek-4 software that shows the effect of each factor on lipid production by Cryptococcus albidus. Y-axis of the plot shows the average lipid production in each level of different factors. X-axis shows the number of levels for different factors (Lin-Vien et al. 1991; Elumalai et al. 2011; European Standard EN 14078) . FTIR was used for analyzing and confirming biodiesel production from Chloralla vulgaris and Senedesmis sp (Elumalai et al. 2011) . According to the results, the native strain C. albidus was excellent in lipid production. Lipid productivity of this strain reaches 60 % with Taguchi method. The percentage contribution of different factors is shown in Fig. 1 for this strain.
Taguchi method limited the number of experiments, so it is a powerful tool for investigating the effect of all the parameters. Fig. 2 shows the effect of different parameters on lipid production for C. albidus. Another advantage of this software is suggesting the optimum condition. The optimum condition for C. albidus strain is shown in Table 7 . This condition was provided for this strain and the amount of lipid was approximately the same as Taguchi predictions. Estimated interaction of severity index (SI) for different parameters is shown in Table 8 . Fifteen interactions between two factors were calculated by Qualitek-4 
Conclusion
The results of this investigation showed that native strains such as C. albidus have high potential for industrial use and biodiesel production. This study revealed that designing experiments based on Taguchi method acts excellent in optimizing processes. It can make this process economical and give us exact results. The effect of a number of different factors was investigated simultaneously by using this method. Through this method, the optimization condition was gained and lipid production and lipid content reached 11.81 g/l and 60.1 %, respectively, for C. albidus. This extracted oil can be used for biodiesel production.
